The vagina, as a drug delivery site, offers certain unique features that can be exploited in order to achieve desirable therapeutic effects. By contrast, scientific knowledge of the possibilities of drug delivery via the vagina is limited. The currently available vaginal dosage forms have limitations, such as leakage, messiness and low residence time, which contribute to poor subject or patient compliance (1).
The purpose of the present investigation was to produce a quick/slow biphasic delivery system for metoclopramide hydrochloride using the superdisintegrant Ac-di-sol for the fast release layer and hydroxypropyl methylcellulose K100M and Ucarflock 302 to modulate the release of the drug. A dual component tablet made up of a sustained release and an immediate release layer was prepared by direct compression. A 3 2 full factorial design was applied to systematically optimize the drug release profile of the sustained release layer. The results of the full factorial design indicate that a small amount of HPMC K100M and a large amount of Ucarflock 302 favor sustained release of the metoclopramide hydrochloride vaginal dual component system. The ex vivo residence time reveals that the formulation was retained for more than 10 h. The formulation gave an initial burst effect to provide the loading dose of the drug followed by sustained release for 12 h, thus solving the problem of repeated administration, especially in pregnancy.
Keywords: dual component system, vaginal drug delivery, metoclopramide, mucoadhesion, factorial design, quick/ slow release tems attempt to achieve a constant release rate from a tablet rather than biphasic release of the drug. When a single constant rate of drug release does not entirely satisfy the therapeutic objective, a quick/slow delivery system may be an interesting alternative. This biphasic release system can be achieved by the application of an immediate release layer to the conventional layered matrix tablet (5) . Biphasic delivery systems are designed to release a drug at two different rates or in two different periods of time; they are either quick/slow or slow/quick. A quick/slow release system provides an initial burst of drug release followed by a constant rate (ideally) of release over a defined period of time. This type of system is used primarily when maximum relief needs to be achieved quickly, and it is followed by a sustained release phase to avoid repeated administration.
The aim of the present work was to design a mucoadhesive biphasic delivery system of metoclopramide hydrochloride using mucoadhesive hydrophilic polymers. Metoclopramide hydrochloride is a potent antiemetic, effective in the treatment of nausea and vomiting associated with cancer therapy, pregnancy, and migraine (6) . Renewed interest was added to this drug since it demonstrated, in addition to its antiemetic properties, in vitro and in vivo radio and chemosensitizing properties (7) (8) (9) . However, the oral bioavailability of metoclopramide hydrochloride is highly variable, showing values between 32 and 98 % due to extensive pre-systemic metabolism (10) . Oral forms of metoclopramide hydrochloride often get vomited out before systemic absorption, particularly in case of 2-3 month pregnancy, compelling parenteral or rectal administration where both methods result in low patient compliance. In this regard, intravaginal delivery seems to be an attractive alternative.
EXPERIMENTAL

Materials
Metoclopramide hydrochloride was obtained as a gift sample from Maan Pharmaceutical Private Limited, India. Ac-di-sol (crosscarmellose sodium) was kindly provided by the Zydus Research Centre, India. Sodium starch glycolate was purchased from S. D Fine Chemicals, India. Hydroxypropyl methylcellulose K100M (HPMC K100M) and Ucarflock 302, were kindly provided by The Dow Chemical Company, USA. The other ingredients were of laboratory grade.
where X 0 is oral dose, l is dosing interval, F is fractional bioavailability, DR is the dosing rate, Css is the steady state plasma concentration and Cl T is total renal clearance. From the above equation, Css for the metoclopramide hydrochloride is 3.36 mg mL -1 . IPR = (Css´Vd) / F = 15 mg Dose = IPR {1 + (0.693´t/t 1/2 )} = 33 mg~30 mg where t is time up to which controlled release is required and t 1/2 is the drug half-life. Hence, the formulation should release 15 mg (50 %) of the drug within 30 minutes and 1.34 mg (4.5 %) per hour up to 12 h thereafter.
Preliminary trials of immediate release and sustained release layers
In the composition of the immediate drug release layer, two superdisintegrants, Ac--di-sol and sodium starch glycolate, of different concentrations were tested. Required quantity of the drug, either superdisintegrant and microcrystalline cellulose were mixed thoroughly.
The sustained release layer was composed of the maintenance dose (15 mg) of the drug and different hydrophilic polymers such as HPMC K100M and Ucarflock 302 along with microcrystalline cellulose as a filler. All the ingredients were mixed thoroughly. The quantity of powder for the sustained release layer was compressed lightly using a single-punch tablet compression machine (Cadmach Machinery Co. Pvt. Ltd., India) equipped with 13-mm round, flat and plain punches. Over this compressed layer, the required quantity of the fast release layer was placed and compressed to obtain hardness in the range of 5-6 kg cm -2 to form a bilayer matrix tablet. Formulation of preliminary trial batches of the immediate release layer and sustained release layer is shown in Tables I and II, respectively. 
Optimization of sustained release layer by 3 2 full factorial design
A 3 2 randomized full factorial design was used in the present study. Two factors were evaluated, each at three levels, and experimental trials were carried out in all nine possible combinations. The factors were selected based on a preliminary study. Contents of HPMC K100M (X 1 ) and Ucarflock 302 (X 2 ) were selected as independent variables. The time required for 50 % drug release (t 50 ), 80 % drug release (t 80 ) and Q 2 (drug release after 2 h) were selected as dependent variables. Dependent variables were selected based on the drug release profile of preliminary trial batches and pharmacokinetic data of the drug. The formulation of factorial design batches is shown in Table III . All batches contain 15 mg metoclopramide hydrochloride, 2 % talc, 1 % magnesium stearate and q. s. microcrystalline cellulose.
Preparation and characterization of dual component vaginal tablets
For preparation of the quick/slow (dual component) delivery system, the die of the tablet machine was filled manually with a weighed amount of the sustained release component. The sustained release component was then compressed and the fast release powder was added to the precompressed sustained release component. The formulations differed in type and concentration of the polymer (HPMC K100M and Ucarflock 302) used to prepare the biphasic vaginal drug delivery. The dual component compressed tablet systems were prepared by direct compression, with flat-tip punches and 13-mm diameter dies using a single punch tablet machine (Cadmach Co. Machinery Pvt. Ltd., India). Formulation of the dual component system is shown in Table IV .
Physical tests for bilayer tablets. -Standard physical tests were performed for bilayer matrix tablets and average values were calculated (12) . Mass variation was determined by weighing 20 tablets individually. Resistance to crushing was determined by taking 6 tablets from each formulation using a Pfizer hardness tester (Electrolab Pvt. Ltd., India). Thickness was determined by vernier calipers. Friability was determined by weighing 10 tablets after dusting and placing them in a Roche friabilator (Campbell Electronics, Mumbai, India).
Drug content uniformity. -Ten tablets were finely powdered and an amount equivalent to 30 mg of metoclopramide hydrochloride was accurately weighed and transferred to a 100-mL volumetric flask; 70 mL of phosphate buffer pH 4.5 was then added. The flask was shaken for 10 min. Finally, the volume was made up to the mark with phosphate buffer pH 4.5 (13) . The mixture was then filtered and 1 mL of the filtrate was suitably diluted with phosphate buffer pH 4.5 to obtain a solution containing about 30 mg mL -1 of metoclopramide hydrochloride and analyzed for metoclopramide hydrochloride content at 272 nm using a Systronic 2201 double beam UV/Visible spectrophotometer (Shimadzu 1700 UV-Visible Spectrophotometer, Japan) and phosphate buffer pH 4.5 as blank.
In vitro dissolution studies
The release rate of metoclopramide hydrochloride from the sustained release layer was determined using a USP 24 dissolution testing paddle apparatus (14) . The dissolu- tion test was performed using 900 mL of phosphate buffer pH 4.5, at 37 ± 0.5°C at 50 rpm. A sample (10 mL) of the solution was withdrawn from the dissolution apparatus hourly for 12 hours, and the samples were replaced with fresh dissolution medium. The samples were filtered through a 0.45-mm membrane filter and diluted to a suitable concentration with phosphate buffer pH 4.5. Absorbance of these solutions was measured at 272 nm. Cumulative percentage of drug release was calculated using the equation obtained from a standard curve.
Dissolution profile
The similarity factor (f 2 ) given by SUPAC guidelines (15) for modified release dosage forms was used as a basis for comparing dissolution profiles. Dissolution profiles are considered to be similar when f 2 is between 50 to 100. This similarity factor is calculated by the following formula (16):
where n is the number of experimental points in the in vitro dissolution assay and R t and T t are the mean percentage of dissolved drug from the reference and test formulations.
Kinetic analysis of drug release data
The drug release data was also fitted to the Korsmeyer equation to describe the drug release from polymeric systems (17, 18) .
where M t is the amount of drug released at time t, M ∞ is the amount of drug released after infinite time, k is a release rate constant incorporating structural and geometric characterstics of the tablet and n is the diffusional exponent indicative of the mechanism of drug release. The n value of 1 corresponds to zero-order release kinetics, 0.5 < n < 1 means a non-Fickian release model and n = 0.5 indicates Fickian diffusion (Higuchi model).
Residence time and aging
The ex vivo residence time was determined using a locally modified USP paddle apparatus (dissolution test apparatus type I) (14) . The dissolution medium was composed of 500 mL phosphate buffer pH 4.5 maintained at 37 ± 0.5°C. A segment of rabbit intestinal mucosa, 3 cm long, was glued to the surface of a glass slab, vertically attached to the paddle. The mucoadhesive tablet was hydrated from one surface using 1 to 2 drops of phosphate buffer and then the hydrated surface was brought into contact with the mucosal membrane. The glass slide was vertically fixed to the paddle and allowed rotation at 100 rpm. The time required for complete detachment of the tablet from the mucosal surface was recorded (mean of triplicate determinations) (19) . The study was approved by the Shree S. K. Patel College of Pharmaceutical Education and Research, Institutional Animal Ethics Committee.
For the short term stability study, optimized medicated tablets were stored in glass vials maintained at 40°C, 75 % RH, for 6 months. The effect of storing was bimonthly investigated for physical properties, bioadhesive characteristics and the drug release behavior.
RESULTS AND DISCUSSION Prepared dual component tablets were evaluated in terms of various physical parameters and in vitro dissolution profiles. The average mass of tablets was 1000.0 ± 1.5 mg (n = 20). The drug content in the dual component tablets was 97.7 ± 1.1 %, their thickness was 3.4 ± 0.1 mm, and their resistance to crushing was 5.4 ± 0.01 kg cm -2 . Conventional compressed tablets that lose less than 1 % of weight are generally considered acceptable. In the present study, the friability was 0.9 ± 0.03 %. Values of the resistance to crushing and percent friability indicate good handling properties of the prepared bilayer tablets. The dissolution data revealed that the formulation containing a larger amount of HPMC K100M released 87 to 89 % of the drug within 12 h whereas the formulation contaning a larger amount of Ucarflock 302 released 99 to 100 % of the drug within 12 h. Thus, it was directly predicted from the drug release profile that the concentration of HPMC K100M had a significant effect on the drug release rate. The concentration of polymer was further optimized using a 3 2 randomized full factorial design.
The drug release profile of factorial batches (F1 to F9) is shown in Fig. 2 . It was found that as the content of HPMC K100M increased, the percentage of drug released decreased. This might be due to higher swellability of HPMC K100M matrices from the surface gel layer, so lower penetration of dissolution medium inside the swelled matrices leads to low availability of fresh dissolution medium inside the matrix and to decreased diffusion of the drug out of matrices.
A 3 2 full factorial design was constructed to study the effect of the amount of HPMC K100M (X 1 ) and the amount of Ucarflock 302 (X 2 ) on drug release from the dual component tablets. A statistical model incorporating interactive and polynomial terms was utilized to evaluate the response:
where Y is the dependent variable, b 0 is the arithmetic mean response of nine runs and b 1 is the estimated coefficient for factor X 1 . The main effects (X 1 and X 2 ) represent the average results of changing one factor at a time from its low to high value. The interaction terms (X 1 X 2 ) show how the response changes when 2 factors are changed simultaneously. The polynomial terms (X 1 2 and X 2 2 ) are included to investigate nonlinearity. The t 50 , t 80 , and Q 2 values for nine batches (F1 to F9) showed wide variations; results are shown in Table V Fig. 2 . In vitro drug release study of factorial design batches (mean ± SD, n = 3). pendent on the independent variables. The fitted equations (full -YF and reduced -YR) are shown in the following equations and in The polynomial equation can be used to draw conclusions after considering the magnitude of the coefficient and the mathematical sign it carries (i.e., positive or negative). Table VII shows the results of the analysis of variance (ANOVA), which was performed to identify insignificant factors. The high values of the coefficient of determination indicate a good fit i.e. good agreement between the dependent and independent variables.
The significance test for the regression coefficients was performed by applying the Student F-test. A coefficient is significant if the calculated F is greater than the critical value of F. The results of multiple regression analysis showed that the ratio of HPMC K100M to Ucarflock 302 had a significant influence on Q 2 , t 50 and t 80 (p < 0.05, Tables VI and VII).
The significance levels of coefficients b 12 , b 11 and b 22 were found to be 0.0543, 0.0973 and 0.923, respectively; hence they were omitted from the full model to generate the reduced model. The other coefficients were found to be significant at p < 0.05; hence they were retained in the reduced model. The reduced model was tested partially to determine whether coefficients b 12 , b 11 critical value of F for ∞ = 0.05 is equal to 9.28 (df = 3, 3). Since the calculated value for Q 2 (F = 5.039) is less than the critical value, it may be concluded that the interaction term b 12 and polynomial terms b 11 and b 22 do not contribute significantly to the prediction of Q 2. The critical value of F for ∞ = 0.05 is equal to 9.28 (df = 3, 3). Since the calculated value for t 50 (F = 0.453) is less then the critical value, it may be concluded that the interaction term b 12 and polynomial terms b 11 and b 22 do not contribute significantly to the prediction of t 50 . The critical value of F for ∞ = 0.05 is equal to 9.28 (df = 3, 3). Since the calculated value for t 80 (F = 0.188) is less then the critical value, it may be concluded that the interaction term b 12 and polynomial terms b 11 and b 22 do not contribute significantly to the prediction of t 50 and t 80 , respectively. An equation containing only statistically significant terms is then used for drawing contour plots to visualize the impact of changing variables. The optimum point may be identified from the plot and replicate trials may be run to verify prediction of the optimum response. Figs. 3a-f show the contour plots and 3D mesh plots of the amounts of HPMC K100M (X 1 ) and of Ucarflock 302 (X 2 ) versus Q 2 , t 50 and t 80 , respectively. The plot was drawn using the Sigma Plot software Version 11 (Systat Software, USA).
The data demonstrate that both X 1 and X 2 affect the drug release (t 50 and t 80 ). It may also be concluded that the low level of X 1 (amount of HPMC K100M) and the higher level of X 2 (amount of Ucarflock 302) favour the preparation of dual component vaginal tablets and that the drug release pattern may be changed by appropriate selection of X 1 and X 2 levels. Shaded areas in Figs. 3b and 3c (± 5 % level from theoretical value) demonstrate the optimized area of individual dependent variables (t 50 and t 80 ).
It was arbitrarily decided to select a batch of tablets that release 18-20 % drug within 2 h. Batches F6 and F7 fall within acceptable criteria. A check point bach was prepared at X 1 = -0.2 and X 2 = 0.8. It was expected from the reduced model that t 50 , t 80 and Q 2 values of the check point batch should be 6.65 h, 10.72 h and 17.7 %, respectively. Table V shows that the results are as expected. Thus, we can conclude that the statistical model was mathematically valid.
The results in Table VIII indicate that batches F5, F6 and F7 fulfill the criteria reported by Moore and Flanner (20) . However, batch F6 showed the highest f2 (82.6) among all the batches, and this similarity was also reflected in the t 50 value. Fig. 4 compares the theoretical release profile and dual component system. Dualcomponent formulation has shown the ability to maintain a dissolution profile similar to that of the theoretical release profile, emphasizing their integrity (f2 = 82.6). For the calculation of f2 of the sustained release component, the contribution of metoclopramide hydrochloride in the immediate release component of the compressed tablet system was subtracted from the total amount of drug released. Fig. 5 shows the contributions of each component (fast/prolonged) to the release profile of metoclopramide hydrochloride from the compressed dual component system containing a polymer layer as a prolonged release component. According to the figure, the release profile is characterized by burst release within a few minutes (30 min) followed by a slow release period, typical of a biphasic quick/slow delivery system. For both layers, upon contact with the dissolution media, there was rapid disintegration of the fast-releasing phase and the sustained release layer released the drug in a predictable manner. Prompt tablet disintegration was due to the presence of Ac-di-sol, which swells very quickly when in contact with water. After the initial phase, the release was dependent on the composition of the sustained release matrix tablet, particularly, the type and concentration of the polymers. The sustained release tablet kept the metoclopramide release slow for more than 11 hours.
The drug release data was fitted to the Korsmeyer-Peppas model. From the plot log (M t /M ∞ ) vs. log t, n values were close to 1 (n = 1.008, k = 0.915 units), indicating zero-order release kinetics (R 2 = 0.998).
The ability of the HPMC K100M and Ucarflock 302 particles to hydrate and form a gel layer around a core is well known and is essential for sustaining and controlling the release of a drug from the matrix. Throughout the dissolution test, a continuous gel layer formed on the surface of the matrix due to hydrophilic polymers HPMC K100M and Ucarflock 302. After 12 hours of dissolution testing, it was evident that the gel layer around the HPMC K100M and Ucarflock 302 cores had retained its integrity, exhibiting a porous structure when observed under an optical microscope.
The results obtained from the ex vivo residence time revealed that higher polymer swelling at the interface enabled better interpenetration and entanglement and consequently stronger mucoadhesion. The residence time (the time required for complete tablet detachment) of the optimized formulation was 12.2 h. From this result, it was predicted that the optimized formulation had the desired residency ex vivo.
The effect of aging was studied for the optimized formulation containing 30 mg of the drug. The data shown in Table IX reveal no marked change in resistance to crushing, drug content and in vitro drug release (5.4 kg cm -2 , 99.0 % and 98.1 % after 6 months) respectively. A reduction in residence time was noticed approximately 10 min for stored formulation compared to the fresh one. The constant n value (1.008 to 1.000 after 6 months) reveals that the release from the dual component mucoadhesive system is not affected by storage.
CONCLUSIONS
A dual-component vaginal quick/slow delivery system was achieved, characterized by an initial rapid release phase corresponding to the drug present in the immediate release layer, followed by a period of slow release, corresponding to the drug from the sustained release layer. The design of the two different release phases can be easily adjusted in both the delivery rate and the ratio of dose fractions to the pharmacokinetics and therapeutic needs, to provide the desired in vitro profile. The results obtained with the dissolution test show that the release profile is dependent on both the type and amount of polymer in the sustained release layer. After immediate release of metoclopramide hydrochloride, both types of polymers (HPMC K100M and Ucarflock 302) were able to modulate the metoclopramide hydrochloride release for a prolonged time (almost 11 to 12 h) with a dissolution profile similar to that of the theoretical release profile. Based on the f2 value, this suggests their integrity after compaction, indicating the promising potential of the metoclopramide hydrochloride biphasic vaginal tablet as an alternative to the conventional dosage form.
